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ABSTRACT
Fiber-reinforced composite resin 
(FRC) prostheses offer the ad-
vantages of good aesthetics, 
minimal invasive treatment, and 
an ability to bond to the abutment 
teeth, thereby compensating for 
less-than-optimal abutment tooth 
retention and resistance form. 
These prostheses are composed 
of two types of composite materi-
als: ﬁber composites to build the 
framework and hybrid or microﬁll 
particulate composites to create 
the external veneer surface. This 
review concentrates on the use 
of ﬁber reinforcement in the fab-
rication of laboratory or chairside-
made composite-ﬁxed partial 
dentures of conventional prepa-
ration. Other applications of FRC 
in dentistry are brieﬂy mentioned. 
The possibilities  ﬁber reinforce-
ment technology offers must be 
emphasized to the dental com-
munity. Rather than limiting dis-
cussion to whether FRC prosthe-
ses will replace metal-ceramic or 
full-ceramic prostheses, attention 
should be focused on the addi-
tional treatment options brought 
by the use of ﬁbers. However, 
more clinical experience is need-
ed.
INTRODUCTION
Traditional metal reinforced bridg-
es are characterized by certain 
disadvantages. These disadvan-Libyan Journal of Medicine, Volume 1, 2006
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tages culminate in the bonding 
and aesthetic problems of metal 
frameworks. Fortunately, these 
problems can now be overcome, 
to a large extent, by the use of ﬁb-
er reinforced composite (FRC). In 
fact, the bond strength between 
the prostheses and the abutment 
teeth obtained when using FRC 
materials is 50-100 % higher than 
the bond strength achieved when 
using metal framworke.1 In addi-
tion, in FRC restorations the glass 
ﬁbers are translucent and cov-
ered with veneering composites, 
resulting in good aesthetic res-
torations, which do not increase 
plaque accumulation.2
Metal-free prostheses continue to 
gain interest. Although the metal 
alloys contribute great strength 
to the prostheses, they do so at 
a considerable aesthetic liability. 
Two somewhat different metal-
free approaches to ﬁxed tooth 
replacement continue to be de-
veloped for a variety of clinical ap-
plications. These are all-ceramic 
and all-composite systems. Com-
posite or polymeric prostheses 
are the subject of this article and 
generally consist of a particulate 
composite veneer supported by 
a FRC-substructure (framework). 
With FRC prostheses, there are 
two approaches in using ﬁbers: 
one is based on conventional 
tooth preparation and laboratory-
made restorations while the oth-
er is based upon using ﬁbers in 
minimally invasive restoration by 
direct or indirect fabrication.
FRC-supported prostheses have 
undergone much testing recently 
in the laboratory and in the pa-
tient’s mouth.3-7 The FRC pros-
theses can be fabricated indi-
rectly in the prosthetic laboratory 
by a dental technician, chairside 
in the dental clinic by the dentist, 
or directly in the patient’s mouth. 
Veneer materials used for the 
chairside-fabricated prostheses 
are light cured hybrid or microﬁll 
composites typically found in the 
dental clinic. Laboratory-made 
prostheses, including the FRC-
framework, are also light cured 
but may have an additional heat 
polymerization stage with the 
optional use of vacuum or pres-
sure to enhance polymerization. 
Deep polymerization improves 
mechanical properties, especially 
the ﬂexural strength of the FRC 
framework and wear resistance 
as well as color stability of the ve-
neering composite.8
The FRC material is a combina-
tion of ﬁbers and a resinous ma-
trix. Different types of FRC ma-
terials exhibiting a wide variety 
of mechanical ﬂexural properties     www.ljm.org.ly   
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are commercially available. The 
mechanical properties of FRC 
materials are primarily dependent 
upon ﬁber type (glass, carbon, 
aramid, or polyethylene), quantity 
of ﬁbers in the matrix resin (maxi-
mum is 15x103 in a bundle), ﬁber 
architecture (unidirectional, wo-
ven, or braided), and quality of 
impregnation of ﬁber with resin. 
Examples of different ﬁber archi-
tecture are shown in Figure 1.
Figure 1. Scanning electron micro-
graphs of various ﬁber architectures. 
(A) woven polyethylene ﬁbers; (B) 
braided glass ﬁbers; (C) woven (bidi-
rectional) glass ﬁbers; (D) unidirection-
al glass ﬁbers. (From Fiber-reinforced 
composite in clinical dentistry, Chicago: 
Quintessence; 2000).
Some manufacturers produce dry 
ﬁbers that require hand impreg-
nation by the technician or the 
dentist, e.g. Ribbond, Glas Span, 
and Construct. Some of the com-
mercially available FRC materials 
are machine impregnated with 
resin by the manufacturer, e.g. 
everStick, FiberKor, and Vectris. 
These machine-impregnated ma-
terials are also known as pre-im-
pregnated FRC materials. The 
mechanical and handling prop-
erties of machine-impregnated 
FRCs are better than those of the 
hand impregnated FRCs. Rigid-
ity of the FRC framework is cru-
cial for the integrity of the veneer, 
made from a brittle material, such Libyan Journal of Medicine, Volume 1, 2006
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as particulate ﬁller composite. 
The ultimate ﬂexural strength of 
manufacturer-impregnated (pre-
impregnated) unidirectional glass 
FRC material ranges from 500 to 
1200 MPa. This is greater than the 
ﬂexural strength of noble alloys.9 
For polyethylene ﬁber compos-
ites, ﬂexural strength values are 
lower than glass or carbon ﬁber 
composites. 
Clinical tooth replace-
ment applications of 
FRC-reinforced pros-
theses are organized 
into two categories: 
laboratory-fabricat-
ed prostheses and 
chairside prostheses. 
There are several in-
dications for select-
ing FRC prostheses 
which are summa-
rized in Table 1. 
This article focuses 
on describing labo-
ratory and chairside 
made prostheses 
that have conven-
tional abutment tooth 
preparation rather 
than describing ﬁb-
ers in minimal inva-
sive approach, which 
will be reported in the 
near future.
Laboratory-fabricated Prosthe-
ses:
Laboratory-fabricated FRC pros-
theses can be retained by teeth 
or implants. Composite prosthe-
ses include a surface that does 
not wear opposing tooth enamel, 
and the FRC framework does not     www.ljm.org.ly   
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require waxing, casting, or solder-
ing procedures during fabrication. 
Supported by a strong metal-free 
framework, the aesthetic quali-
ties of the FRC prostheses can 
be outstanding. 
Figure 2. Schematic drawing of anterior 
abutment tooth preparation for the ex-
tracoronal full coverage FRC-prosthe-
ses. (From Fiber-reinforced composite 
in clinical dentistry, Chicago: Quintes-
sence; 2000).
Potential concerns for these 
prostheses are water absorption, 
loss of surface shine, fatigue re-
sistance over time, and the tech-
nique’s sensitivity associated 
with cementation by using resin 
cement.
For tooth-retained FRC prosthe-
ses, the composite retainers can 
be bonded to the abutment teeth. 
This allows maximum retention 
for the available axial wall height. 
This also permits the use of con-
servative tooth replacement pros-
thesis, where intracoronal (inlay) 
preparation is made on minimally 
restored abutment teeth. Inlay 
bridge design has proven unsuc-
cessful where a metal alloy frame-Libyan Journal of Medicine, Volume 1, 2006
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work is used and retainers have 
not been bonded to the abutment 
teeth. Tooth preparation designs 
of full and partial coverage FRC 
prostheses are shown in ﬁgures 
2-4.
Figure 3. Schematic drawing of poste-
rior abutment tooth preparation for the 
extracoronal full coverage FRC-pros-
theses. (From Fiber-reinforced com-
posite in clinical dentistry, Chicago: 
Quintessence; 2000).
Data have shown that FRC frame-
work design is a key point for the 
clinical success of FRC prosthe-
ses.7, 10 Increased framework 
bulk added at the pontic region 
(high volume design) provides 
additional rigidity along with 
greater vertical support of the ve-
neer material. Successful chemi-
cal bonding of the veneer com-
posite to the FRC framework is 
another critical element for clini-
cal success. An example of FRC 
framework is shown in Figure 4. 
Clinical studies of FRC prosthe-
ses made with pre-impregnated 
ﬁbers have demonstrated greater     www.ljm.org.ly   
page
79
Libyan Journal of Medicine, Volume 1, 2006
ljm
than 90% survival of partial and 
full coverage prostheses for up to 
5 years.7, 11 
Chairside Prostheses:
The properties of FRCs that make 
them suitable for various chairside 
applications include high ﬂexural 
strength, desirable aesthetic re-
sults, ease in use, adaptability to 
various shapes, and capability for 
direct bonding to tooth structure. 
Among the many direct intraoral 
applications of this technique are 
splinting of mobile teeth, replace-
ment of missing teeth, and fabri-
cation of endodontic posts.
One of the most exciting and po-
tentially useful applications of 
pre-impregnated FRC technol-
ogy is its use in replacing missing 
teeth in a timely and cost-effec-
tive manner. This ability to de-
liver a functional, aesthetic tooth 
replacement with or without mini-
mal tooth preparation of the ad-
jacent abutment teeth in a single 
visit is a realistic treatment option 
with current adhesive technolo-
gies and reinforced 
composites.
Figure 4. Partial-cov-
erage retainer (intrac-
oronal) using unidirec-
tional glass framework 
with high-volume 
design placed in the 
edentulous region. 
(From Fiber-reinforced 
composite in clinical 
dentistry, Chicago: 
Quintessence; 2000).
The increased 
physical properties 
that ﬁber reinforcement provides 
to particulate composites resin 
allow for an improved approach 
over earlier methods in using 
denture teeth as pontics.12 This 
new approach eliminates the dis-
advantages caused by the incom-
patibility of the different chemis-
try between the particulate luting 
composite and the acrylic pontic 
and results in a much stronger 
connector between the pontic 
and the FRC framework. This pro-Libyan Journal of Medicine, Volume 1, 2006
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vides the potential for long-term 
clinical service.13 Consequently, 
what was once thought of as a 
purely short-term or temporary 
solution can sometimes be con-
sidered as a more deﬁnite solu-
tion for those patients who cannot 
afford a conventional ﬁxed-tooth 
replacement. Potential clinical ap-
plications for chairside-fabricated 
FRC prostheses include situa-
tions where the abutment teeth 
may be of questionable stability 
or in place of a provisional remov-
able prosthesis immediately after 
anterior implant placement but 
before loading. Additionally, this 
technology can be used for im-
mediate ﬁxed-tooth replacement 
after extraction, after traumatic 
loss of a tooth, or for space main-
tenance in pediatric or adolescent 
patients.
FRCs is currently commonly 
used in several ﬁelds of dentistry. 
In addition to prosthodontics, ap-
plications of FRCs extend to peri-
odontal, orthodontic, and surgical 
ﬁelds in the form of various splints. 
The recurrent fractures of remov-
able dentures can be eliminated 
by the use of FRC as reinforce-
ment.14 The impact strength of 
maxillary complete denture can 
be increased by a factor greater 
than two times when reinforced 
with bidirectional-FRC.15 How-
ever, as in the cases of any other 
application for ﬁber reinforcement, 
the positioning of ﬁber is of impor-
tance in order to achieve an ef-
ﬁcient reinforcing effect.14 FRCs 
can also be used as framework in 
overdenture or implant-supported 
prosthesis and in root canal posts 
as prefabricated posts or indi-
vidually formed (custom-made) 
posts.16
Clinical Problems with FRC-
prostheses:
Problems associated with FRC-
prostheses can be grouped un-
der the following categories: gray/
metal shadow due to metal posts 
and cores or amalgam cores on 
abutment teeth; loss of surface 
shining on the particulate veneer-
ing composite; excessive translu-
cency in pontic areas; fracture or 
chipping of the particulate com-
posite veneer and debonding of 
the retainer.
The correct design of the FRC 
framework and the use of high 
quality preimpregnated glass 
ﬁbers in optimum quantity re-
duce the possibility of framework 
fractures. Veneering compos-
ite chipping can be avoided by 
using thicker layer (1-2 mm) of 
composite resin on the surface     www.ljm.org.ly   
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of FRC framework.17 Although 
there are some failures that have 
been associated to FRC bridges 
made earlier, these failures are 
in the majority of cases repaired 
by composite technology in the 
patient’s mouth. When a failure 
is observed, the dentist needs to 
analyze its reason and repair the 
device accordingly. An example 
of this would be through adding 
more ﬁbers to the restoration.
The amount of plaque accumula-
tion on the surface of FRC mate-
rials depends on the type of ﬁbers 
used. Polyethylene FRC has the 
roughest material with promoted 
plaque accumulation signiﬁcantly 
more than the other smoother ma-
terials. Glass FRC and restorative 
composite showed very similar 
plaque accumulation properties. 
They are both composite mate-
rials composed of inorganic ﬁller 
components and an organic poly-
mer matrix.18
Finally, it must be emphasized 
that the ﬁber reinforcement tech-
nology offers new prospects and 
approaches to the profession. In-
stead of discussing whether ﬁber 
FPDs will replace metal-ceramic 
or full ceramic FPDs, attention 
should be paid to the added new 
treatment options resulting from 
the use of ﬁbers.
Corresponding author:  Sufyan Ga-
roushi, Department of Prosthetic Den-
tistry and Biomaterials Science, Insti-
tute of Dentistry, University of Turku, 
Lemminkäisenkatu 2, FI-20520 Turku, 
Finland.  Tel.: + 358-2-333-83-57;  Fax: 
+ 358-2-333-83-90;  E-mail: sufgar@
utu.ﬁ
REFERENCES
1.    Kallio TT, Lastumäki TM, Vallittu 
PK. Bonding of restorative and veneer-
ing composite resin to some polymeric 
composite. Dental Mater 2001; 17: 80-
6.
2.    Tanner J, Vallittu PK, Soderling E. 
Effect of water storage of E-glass ﬁber-
reinforced composite on adhesion of 
streptococcus mutans. Biomaterials 
2001; 22: 1613-8.
3.    Beher M, Rosentritt M, Ledwinsky 
E, Handel G. Fracture resistance and 
marginal adaptation of conventionally 
cemented ﬁber-reinforced compos-
ite three-unit FPDs. Int J Prosthodont 
2002; 15: 467-72.
4.    Vallittu PK. The second interna-
tional symposium on ﬁber-reinforced 
plastics in dentistry (book), Institute 
of Dentistry and Biomaterial Science, 
University of Turku, Finland (2001).
5.    Meiers JC, Freilich MA. Design and 
use of a prefabricated ﬁber-reinforced 
composite substructure for the chair-
side replacement of missing premolars. 
Quintessence Int 2006; 37: 449-54.
6.    Garoushi S, Ballo A, Lassila LV, 
Vallittu PK. Fracture resistance of frag-
mented incisal edges restored with ﬁb-
er-reinforced composite. J Adhes Dent 
2006; 8: 91-5.
7.    Vallittu PK, Sevelius C. Resin-bond-Libyan Journal of Medicine, Volume 1, 2006
page
82
    www.ljm.org.ly   
ljm
ed glass ﬁber-reinforced composite 
ﬁxed partial dentures: a clinical study. J 
Prosthet Dent 2000; 84: 413-8.
8.    Park SH. Comparison of degree of 
conversion for light-cured and addition-
ally heat-cured composite. J Prosthet 
Dent 1996; 76: 613-8.
9.    Anusavice KA. Phillips’ science of 
dental materials. 10th edition. Philadel-
phia: WB Saunder; 1996.
10.     Dyer SR, Lassila LVJ, Jokinen 
M, Vallittu PK. Effect of ﬁber position 
and orientation on the fracture load of 
ﬁber-reinforced composite. Dent Mater 
2004; 20: 947-55.
11.     Freilich MA, Meiers JC, Duncan 
JP, Eckrote KA, Goldberg AJ. Clini-
cal evaluation of ﬁber-reinforced ﬁxed 
bridges. JADA 2002; 133: 1524-34.
12.     Ibsen RL, Neville K. Adhesive 
restorative dentistry. Phildelphia: WB 
Saunders; 1974.
13.     Goldberg AJ, Burstone CJ. The 
use of continuous ﬁber reinforcement 
in dentistry. Dent Mater 1992; 8 : 197-
202.
14.    Narva KK, Vallittu PK, Helenius 
H, Yli-Urpo A. Clinical survey of acrylic 
resin removable denture repairs with 
glass-ﬁber reinforcement. Int J Pros-
thodont 2001; 14: 219-24.
15.    Kim SH, Watts DC. The effect of 
reinforcement with woven E-glass ﬁb-
ers on the impact strength of complete 
dentures fabricated with high-impact 
acrylic resin. J Prosthet Dent 2004; 91: 
274-80.
16.    Le Bell AM, Lassila LV, Kangas-
niemi I, Vallittu PK. Bonding of ﬁbre-re-
inforced composite post to root canal 
dentin. J Dent 2005; 33: 533-9.
17.    Garoushi S, Lassila LVJ, Tezvergil 
A, Vallittu PK. Load bearing capacity 
of ﬁber-reinforced and particulate ﬁller 
composite resin combination. J Dent 
2006; 34: 179-84.
18.    Tanner J, Vallittu PK, Soderling E. 
Adherence of streptococcus mutans to 
an E-glass ﬁber-reinforced composite 
and conventional restorative materials 
used in prosthetic dentistry. J Biomed 
Mater Res 2000; 49: 250-6.